We consider the possibility of suppressing superhorizon curvature perturbations after the end of the ordinary slow-roll inflationary stage. This is the opposite of the curvaton limit. We assume that large curvature perturbations are created by the inflaton and investigate to which extent they can be diluted or suppressed by a second very homogeneous field which starts to dominate the energy density of the universe shortly after the end of inflation. The suppression is non-trivial to achieve, but we demonstrate two examples where it works. The mechanism is shown to work if the decay rate of the second field has a certain time-dependence leading to an intrinsic non-adiabatic energy transfer or if the second field is an axion field with a very non-linear periodic potential leading to a non-vanishing intrinsic non-adiabatic pressure perturbation. This opens the possibility of having much larger inflaton perturbations created during inflation than normally allowed by the COBE bound. It relaxes the upper bound on the energy scale of inflation models with a small first slow-roll parameter ǫ. In particular it can be important for brane inflationary models where the string scale can now be up to two orders of magnitude larger than usually expected and near the GUT scale. *
Introduction
The inflationary scenario is now the by far most well established scenario for generating the observed microwave background radiation (CMB) anisotropies and in addition it explains the flatness and isotropy of the universe [1] .
The curvaton mechanism was invented to show how scenarios otherwise ruled out by observations could in fact still be viable inflationary candidates [2, 3, 4] . Here we pursue a similar philosophy but in the opposite direction. The constraint from the power of tensor modes generated during inflation is one of the most basic and rigid constraints on inflation as it confines the inflationary energy scale to or below the Grand Unified Theory (GUT) scale. Also to match the observed level of adiabatic scalar metric perturbations at the level of 10 −5 , we have to face some great fine-tuning problems. Here we want to address the circumstances under which the second of these constraints can be softened. We will suggest that the inflationary energy scale can be much higher than previously thought for models where the first slow-roll parameter ǫ is very small. This is especially good news for inflationary scenarios derived from string theory, such as brane inflation, as it avoids the need of tuning the string scale to very low values below the GUT scale. In addition we find that it is important to understand how strong our experimental constraints on the inflationary dynamics are and how sensitive they are to the assumptions we make. One measure is to check how unnatural conditions we need to get around them.
The philosophy driving us is very simple. We consider a very homogeneous fluid, subdominant during inflation, which comes to dominate the energy density of the universe only a few e-foldings after the end of inflation. As we are in this way pumping the universe with a homogeneous fluid we expect the wrinkles in the original radiation fluid left over by the decay of the inflaton to be suppressed relatively to the total energy density of the universe. This is the exact opposite limit of the curvaton, where the radiation fluid was initially thought to be very homogeneous and wrinkles in the overall density was created by the less homogeneous curvaton fluid which subsequently came to dominate the energy density. However, as we will se there is a significant complication in this new limit as compared to the curvaton limit. While in the curvaton scenario one could consistently ignore the effect of the gravitational potential as it initially vanishes, in the new scenario the gravitational potential is non-zero and can not be ignored. In fact it sources gravitationally inhomogeneities from the inhomogeneous radiation fluid to the second more homogeneous fluid which will in general not stay homogenous for very long after the end of inflation. This is the reason why in the case where the potential of the second field is a simple mass term and its decay rate has trivial time-dependence, the effect is less than order one.
After this simple observation we will consider two cases where the superhorizon scalar curvature suppression can be large. First, we will consider the case of a time dependent decay rate. We show that if the decay rate is decreasing while the second field decays the superhorizon curvature perturbation can be suppressed. We give a specific detailed analytic example, but will also discuss more general cases. Second, we suggest that an axion with a very non-linear potential might also do the job and lead to a suppression of the initial spectrum by one or two orders of magnitude. In the case of a periodic axion potential, for large field perturbations the density perturbations are exponentially suppressed and stay small during the slow-roll phase of the axion. Due to the non-linear periodic nature of the potential, the field perturbations and the background will not follow same evolution and a non-vanishing intrinsic non-adiabatic pressure perturbation for axion fluid will be responsible for the change in the superhorizon curvature perturbation.
This allows the amplitude of density perturbations created by the inflaton during inflation to be one or two orders of magnitude larger than allowed by the standard constraints from the COBE normalization. This is especially interesting in the brane inflation scenario where severe finetuning is required to obtain a small enough amplitude of density perturbations. We show towards the end how our setup can ameliorate this problem.
While we are interested in a large suppression in order to change the constraints on the inflationary potential, even small suppression might turn out to be important experimentally in certain variations of hybrid inflation if the scalar-tensor consistency relation can be measured with some precision.
In the next section we will review why it is difficult to obtain a significant suppression of superhorizon curvature perturbations with a massive scalar field in the sudden decay approximation. In section 3 we discuss how to improve the effect with a decaying decay rate. In section 4 we show how the periodic features of the axion potential might also lead to a large suppression of superhorizon curvature perturbations. Then in section 5, we will discuss bounds from black hole and particle production and in section 6 we will discuss some possible applications of the mechanism to brane inflation. Finally, in the last section we will summarize and conclude.
Suppressing super horizon scalar perturbations
Let us consider how large adiabatic density fluctuations created by the inflaton can be suppressed during a post inflationary era. We will assume that the inflaton or its decay product dominates just after the end of inflation and as the inflaton decays into radiation the curvature fluctuations generated during inflation will be inherited by the radiation fluid. Consider for example a light axion field (σ) frozen during inflation. As shown in the section 4, due to its periodic potential it contributes with no or vanishing density fluctuations. In the post inflationary era it oscillates in its potential and decays into radiation while it slowly starts to dominate over the inflaton or the inflaton decay products. In this way it will dilute the curvature perturbations generated by the inflaton.
One might at first think of it naively in the following way. Normally in the simple single field case where the inflaton decays into radiation
In the case of the axion eq. (1) is still valid at the end of inflation if δρ a /ρ a ≃ 0 and ρ a << ρ r . Here r denotes radiation and a denotes the axion. Later when the axion oscillates in its † While this paper was in preparation, a pre-print by Bartolo, Kolb and Riotto presenting a similar argument appeared [5] . They did not consider the gravitational sourcing of inhomogeneities from the more inhomogeneous fluid to the more homogeneous one and as we show below this poses a problem for the mechanism. We will also discuss ways around that problem in the present paper.
potential and behave like matter we find ρ a = ρ m >> ρ r , while δρ a can still be neglected. At this point
Thus the density perturbations is suppressed by the value of ρ r /ρ m as the axion decays into radiation. We are pumping homogeneous matter into the system, diluting away the original density perturbations. One can also note that the change in the superhorizon curvature perturbationζ is proportional to the entropy perturbation S ra = 3(ζ r − ζ a ). So while in the curvaton limit the curvature perturbation in the radiation is subdominant ζ r << ζ a in opposite limit we have ζ r >> ζ a and thusζ has the opposite sign and ζ decreases instead of increasing.
Even if this picture captures some of the right physics it is not fully correct since it ignores the gravitational coupling between the two fluids which will source density perturbations from the more inhomogeneous fluid to the more homogeneous one. To account for this in detail we need to consider a fully consistent treatment of the density perturbations and calculate the gauge invariant adiabatic scalar curvature perturbations.
As we mentioned in the introduction, the scenario we consider here is analogous to the by now familiar curvaton scenario. The inflationary era is ended by the decay of the inflaton into radiation and the σ-field, a massive scalar field subdominant and frozen during inflation, subsequently starts to oscillate in its potential. At this point it behaves like non-relativistic dust and it soon starts to dominate the energy density of the universe. As the σ-field later decays into radiation the entropy perturbations in the σ-field fluid vanishes and its eventual density perturbations have been converted into adiabatic curvature perturbations in the radiation fluid.
In the most simple case, the potential of the initially light σ-field can be assumed to be just the quadratic one, such that the Lagrangian simply becomes
and the background equation of motion yields
where the Hubble parameter H is determined by the Friedmann equation
and the continuity equation for the radiation fluid energy density ρ ṙ ρ r + 4Hρ r = 0 .
Now let us consider the equations governing the perturbations in the longitudinal gauge where the perturbed metric is
and we can take Φ = Ψ in the absence of anisotropic stress. On superhorizon scales we can neglect k/a terms and one finds by completely standard arguments the following system of equations for the perturbations [6] 
where δ r ≡ δρ r /ρ r and δρ r , δσ are the perturbations in the radiation energy density and of the σ-field respectively. It is convenient to note also that the energy density perturbation δρ σ and the pressure perturbation δp σ in the σ-field are
We are interested in the evolution of the curvature perturbation after the end of inflation when the universe is initially dominated by a radiation fluid such that H = 1/(2t). There is a number of papers in the literature dealing specifically with mixed curvaton and inflaton perturbations, some of those are [2, 3, 4, 7, 8, 9, 10, 11, 12, 13, 14, 15] . We find it useful to review the results of [13] below as we will compare to the results obtained there in order to fully illustrate the difficulty of the superhorizon suppression of curvature perturbations. In [13] , the solution for the background σ-field in the radiation dominated regime was written in the form
and the solution to the perturbation equation was given by
Above, the initial conditions for the perturbation at the beginning of the first radiation dominated era have been defined by δσ = δσ * ,δ σ = 0, Φ = Φ * ,Φ = 0 and from the perturbation equations follows that initially we also have δ r ≃ −2Φ * . It then follows that
from which we can calculate the change in the superhorizon curvature perturbation. The change of the superhorizon curvature perturbation is given by the non-adiabatic pressure perturbationζ
where the non-adiabatic pressure perturbation between two fluids denoted by subscript 1 and 2 is (16) and the entropy perturbation S 12 between the two fluids is
The super horizon curvature perturbation on uniform density hypersurfaces in some given species i is defined as
while its sound speed c i and equation of state parameter w i are defined as
Thus we have, using eq. (14)
This is the result already explored in [13] and elsewhere in the curvaton literature. It is especially interesting to note that in this case S rσ always has the same sign irrespectively of the initial condition for the magnitude of δσ * . This is because that even if we take δσ * = 0 the curvature perturbations in the σ-field will be sourced by the gravitational potential and grow similar to the radiation density perturbations. Thus, unlike what one might naively expect, one cannot obtain any suppression from a second massive field even in the limit where its fluctuations are suppressed during the ordinary slow-roll inflationary phase δσ * = 0.
One can see this in more details by evaluating explicitly the final total superhorizon curvature perturbation ζ. During an era of w total = const one has
where ζ is conserved on superhorizon scales for adiabatic perturbations and vanishing intrinsic non-adiabatic pressure perturbations. Thus as soon as the radiation fluid and its perturbations are completely washed away and subdominant we expect ζ = const.
To estimate the final curvature ζ f one can again compare to the usual curvaton case. The curvaton is taken to be a non-relativistic dust-like fluid with density contrast δ m . It is assumed to be decoupled from the radiation and thus the curvature perturbations ζ m and ζ r are separately conserved. The total curvature perturbation between two fluids is given by
so in the ordinary curvaton scenario where the cosmic fluid consists of radiation and matter, the total curvature perturbation becomes [16] 
In the curvaton scenario one assumes no initial curvature perturbation Φ * = 0 and the assumed decoupling of the two fluids is a good approximation. Even the gravitational interaction between the two fluids can be ignored since the gravitational potential vanishes. The assumption Φ * = 0 implies ζ r = 0 and vice versa, so
in this case. Using further the relation in eq. (21) with w = 0 one finds
In the more general case of mixed curvaton and inflaton fluctuations one can also follow standard arguments and write ζ r = −Φ * + 1 4
Φ * which yields [13] Φ f = 9 10
Finally, from eq. (20) one obtains [13] Φ f = 9 10 Φ * − 2 5
and no suppression can take place compared to the single field case where the dynamics can be fully described by the inflaton and its decay products alone. 
Decaying Decay Rate
Now let us consider the example reviewed in details in the previous section, but now with the decay rate Γ of the second field included. The new background equation for the σ-field then yieldsσ
while the radiation energy density satisfẏ
where we defined Q = Γ(ρ σ + p σ ).
The equations of the perturbations becomes
and δQ = Γ(δρ σ + δp σ ) (with the assumption δΓ = 0). As shown in the previous section it is difficult to suppress ζ σ as it is sourced gravitationally through Φ. Below we will see how we can obtainζ σ < 0 once the σ-field dominates through a time-dependent decay rate. It can be shown that [17, 18] 
Here P intr,σ = δp σ − c 2 σ δρ σ and δQ nad,σ ≡ δQ intr,σ + δQ rel,σ .
The relative energy transfer δQ rel,σ is defined as
so when the σ-field dominates we can assume P intr,σ ≈ δQ rel,σ ≈ 0. On the other hand the intrinsic energy transfer is defined as
This vanishes when the energy transfer Q is only a function of ρ σ so that δQ =Qδρ σ /ρ σ . However, if Γ = Γ(t) we expectζ σ = 0 and as we shall see below, with the right time dependence for Γ(t), we can obtainζ σ < 0 which will imply alsoζ < 0 since the σ-field dominates and ζ ≈ ζ σ .
We are interested in the regime where the second field already dominates and decays into radiation. We will assume that Γ >> m >> 3H ,
such that the field equation can be approximated
and the field perturbation equation can be approximated bÿ
In general it is difficult to find analytic solutions to the above set of equation, so we make the following simplifying assumption
With these approximations the solution for the background field becomes
One can then show thatσ
so the field perturbation equation simplifies tö
With A >> 1 we then find
which implies
Within the approximations above, we can now calculate the curvature perturbation in the σ-fluid
where we used Γ >> 3H. From eq.(42) we have
and using H 2 ≃ 3ρ σ ≃ 3/2m 2 σ 2 , it is clear that H/Γ → 0 for t 2 >> m 2 /(A + 3) and thus ζ σ → −Φ * which implies
as long as the σ-fluid is still dominating over radiation. We note that S rσ in this case has the opposite sign compared to what was found in eq. (20) and we expect ζ to decrease until the σ-field is fully decayed and the universe is governed by radiation only. A numerical demonstration of the effect is shown in fig.(2) , where the explicit numerical solution indicates that one obtains a significant suppression of the superhorizon curvature perturbations. 
Axion Field Perturbations
In this section we want to explore a different approach to the suppression of superhorizon curvature perturbations. In section 2 many of our conclusions was based on treating the curvature perturbations ζ σ and ζ r as separately conserved. On the other hand when Φ * = 0 and δσ ≈ 0 we have seen that the gravitational interactions are sourcing perturbations from the radiation fluid to the σ-fluid and in section 3 we saw that the conservation of ζ σ broke down in the presence of a decaying decay rate. We might ask in which other cases the conservation of the curvature perturbations in the individual fluids breaks down and possibly mimics the effects found in the previous section.
Neglecting again the decay rates, the change in the curvature perturbation ζ σ in the σ-fluid is given by its intrinsic non-adiabatic pressure perturbatioṅ
where
In the ordinary curvaton limit, it is well known that δσ behaves like σ and δP intr vanishes [8] . It can be seen from eq.(14) that this holds even in the case where δσ * = 0 because of the gravitational sourcing. If we wantζ σ = 0 in the relevant regimes, we need that the perturbations evolve differently than the background. This will certainly be true if the σ-field has a very non-linear periodic potential, as we will see below.
The lagrangian of the axion (σ) field is given by
We assume for simplicity that the potential is zero during the first ordinary slow-roll inflationary era, but a non vanishing potential is generated non-perturbatively at the beginning of the first radiation dominated era ‡ . During the initial era of slow-roll expansion the Hubble parameter H =ȧ/a can be treated as constant and we denote it H i . We then assume that the curvature perturbations generated during inflation are too large compared to observations. This will happen if H 10
√ ǫm p where ǫ = −Ḣ/H 2 << 1 is the first slow-roll parameter and m p is the reduced Planck mass. The bound from gravitational waves still requires H 10 −5 m p , so there is only small room for improvement unless ǫ is really tiny. In section 5 we will discuss examples of this type.
The σ-field will not affect the background evolution during inflation since we assumed V (σ i ) < V (φ i ) where V (σ i ) is the potential energy of the σ-field during inflation and V (φ i ) is the inflationary energy density. Since the observed flat spectrum of energy density perturbations is not affected by the σ-field fluctuations in the present scenario we do not need any strong constraints on ∂ σ ∂ σ V (σ).
We will then assume that the field σ is an axionic field for which the following potential is generated soon after the end of inflation
One might worry that a periodic potential will lead to formation of topological defects. But if the potential has only one degenerate minimum (if the anomaly factor is one), the defects will decay and do not pose a cosmological problem. During the first ordinary slow-roll inflationary stage, the potential of the σ-field and its derivatives are insignificant, so the field fluctuation of the σ-field generated during inflation is simply
The linear approximation δV (σ) ≈ (dV (σ)/dσ)δσ is only valid if the σ-field and its dispersion is smaller than σ 0 . As mentioned above we are interested in the non-linear limit. To understand the evolution of the density perturbations in this limit we can adopt the strategy originally proposed by Kofman and Linde [20, 21, 22] . At any given scale l = 1/k the field will consist of a large scale component that behaves as a homogeneous classical field σ c (k) and a shortwave part δσ corresponding to momenta k ≥ 1/l
The effective classical field at the scale 1/l is the sum of the background vevσ and its variancẽ σ k
Forσ k >> σ 0 this implies
It was shown in [20, 21, 22] , that the periodic nature of the axion field potential will then efficiently power-law suppress the axion density perturbations when σ 0 << H
while for a non-flat spectrum for δσ the suppression will be even exponential [2, 19] 
Above we used the approximationsσ ≈ 0 and δρ σ ≈ δV (σ).
It follows that at the beginning of the first radiation dominated epoch we can quite naturally have
due to the suppression from the periodic potential. We expect that the non-linear effect in the potential suppressing the fluctuations persist at least until the background field starts to oscillate around one of the minima of the potential. If this happens after it already dominates the energy density, the approximation δρ σ ≃ 0 remains valid until the field fully dominates the energy density of the universe and we might expect the original naive estimate in eq. (2) to be a good approximation in this regime. Thus the density perturbations might be very suppressed on superhorizon scales as the axion generates a secondary short slow-roll inflationary regime and subsequently oscillates around one of the minima of its potential. We would have to ascribe the change in the curvature perturbation to a large intrinsic non-adiabatic pressure perturbation arising from the very non-linear behavior of the perturbations in this regime.
However towards the end of the slow-roll of the σ-field we can not necessary ignore the source termσ 2 Φ that will feed the density perturbations δρ σ ≈ −σ 2 Φ. We have done a numerical check where we have approximated density perturbations to this source term and solved numerically the equations (4, 5, 6) and (8, 9) with the extra constraint δρ σ = −σ 2 Φ instead of eq.(10). The σ-field fluctuations δσ can then be eliminated from eq.(8) by using eq.(11). The results in fig.(3) show that in this approximation we can have an interesting suppression of superhorizon curvature perturbations by one or two orders of magnitude.
Axion dynamics
In this subsection we will check that the axions actually have a chance of dominating the energy density of the universe in order to efficiently suppress the density perturbations created by the inflaton and decay before big-bang nucleosynthesis (BBN). To estimate the life time of the massive axions, we consider a string theory axion and parameterize the interaction between the axion and the gauge fields as where M ′ ∼ π 2 σ 0 generally depends on the compactification [23, 24] . A typical axion lifetime is
where the axion mass m a is given by
Defining R ≡ M ′ /M p one finds that
To evaluate Ω a at the time the potential is turned on, we use the fact that at this time the Hubble parameter H has the same order of magnitude as the axion mass. Λ is defined by
Thus the axions do not dominate energy density at this point. However, this is only true as long as we assume that the axion fluctuations do not have a negative tilt, which would amplify small momentum mode fluctuations as they enter the horizon and possibly make the axion dominate energy density before the axion mass is turned on and lead to the exponential suppression of density perturbations in eq.(58) [2] . Let us conservatively assume that at this point when the axion behaves as non-relativistic dust it is still subdominant. The ratio between the Hubble rate as the axion starts to oscillate in it's potential H a = m a /3 and when it starts to dominate H dom , is given by H a /H dom = 10 2 R −4 . The axion starts to decay when τ a = 1/H, which implies that the Hubble rate when the axion starts to decay is given by H dec ≃ 10
During matter domination the energy density goes down as 1/a 3 and thus H dom /H dec = (a dec /a dom ) 3/2 . In this way we can write
It is not difficult to arrange the parameters such that even in the case where the axion does not create a second inflationary phase a dec /a dom >> 1. Thus in any case the axion will dominate before it decays. If dominates while in slow-roll, it will only dominate even faster and anyway only decay after it has started to oscillate around one of the minima of its potential. Now, let us evaluate the reheat temperature T RH as the axion decays into photons. Since H ≈ 1.66g
p which implies that
we obtain
Even with very low values for the free parameters R = 10 −5 and Λ = 10 11 GeV we obtain a reheat temperature around 1 GeV. This is a low reheat temperature, but still safely above the constraints from Big-Bang nucleosynthesis.
5 Constraints from primordial black hole and particle production
Even if we can suppress the scalar curvature perturbation on superhorizon scales to match the observed spectrum today, there are still some theoretical upper bounds on spectrum during inflation. First, let us consider the constraints from particle production. It has been shown that the relative energy density of massless scalar fields created at the end of inflation is governed by the same equations as the gravitons, and is given by [25, 26] 
where α ≡ H i /M p , R ∼ 10 2 N s and N s is the number of light scalar fields. Thus particle production is suppressed by α < 10 −5 . In addition all these particle can be treated as relativistic degrees of freedom and will be diluted even more by the massive axion field, so they will never pose a problem for our scenario.
Next let us consider the more important constraints from primordial black hole formation. As curvature perturbations enter the horizon, they could in principle collapse to form primordial black holes (PBH). Carr [27] has derived an expression for the probability that a region of mass m, with initial density contrast
becomes a primordial black hole [27] ,
where w is the equation of state as usual. During the radiation dominated phase w ≃ 1/3, so with δ << 1 the probability of producing primordial black holes is very suppressed. The size of produced black holes as perturbation modes enters the horizon corresponds roughly to the horizon size at the time time the mode exited the horizon. It can be shown that the mass of primordial black holes created when a given scale enters the horizon is given by the number of e-folding N ex before the end of inflation where that scale exited the horizon
First let us consider primordial black holes produced right at the end of inflation. Their mass is M P BH ≃ M p /ǫ and would dominate the energy density if produced at a high rate. However, already with δ ≃ 10 −3 we would have a production probability as low as P (m) ≃ exp(−172). Thus for every 10 75 Hubble size domains only one primordial black hole will be created. If they behave like dust, their energy density would grow like ∼ a compared to radiation and only after 172 e-foldings they could dominate. We conclude that they do not pose a threat to our scenario as long as δ(m) 10 −3 , which is still two orders of magnitude above the usual COBE bound δ(m) 10 −5 . Second we most make sure that primordial black holes do not interfere with the standard late time evolution of the universe. There exists different bounds from BBN, and from the energy density contained in primordial black holes today [28] . The most stringent constraint, however, comes from cosmic rays and requires P (m) < 10 −26 at a mass scale corresponding to m = 5 × 10 14 g [29] . This is still satisfied with δ(m) 10 −3 . Also, by this time the density perturbations has already been suppressed to the level 10 −5 in accordance with observations.
Brane Inflation
In this section we will consider a simplified scenario of brane inflation [30, 31, 32, 33, 34] . We might think of a more realistic scenario where the effects of the proposed mechanism is even more attractive, but the simplified (less realistic) version is useful as a demonstration potential applications of the mechanism. In string theory scenarios for inflation, to match the observed level of density perturbations one typically needs a very low string scale. Tuning the string scale to the density perturbations could make string motivated inflationary scenarios appear a bit ad hoc. The present mechanism can ameliorate this problem of string cosmology. model building and usually implies a strong finetuning of the inflaton potential. In the era of precision cosmology, it is also important to keep in mind the exact assumptions in the models we use to compare to experiments and make predictions. Models that evade the usual constraints are particulary useful to shed light on the exact nature of our assumptions.
First we showed in details how during second very short slow-roll inflationary regime after the usual inflaton driven regime, the superhorizon curvature perturbations created by the inflaton can be suppressed if a second field dominates and decays with a specially chosen decaying decay factor after the end of inflation. We also suggested that an axion with a periodic potential could in the very non-linear limit suppress the superhorizon curvature perturbations by one or two orders of magnitude due to a non-vanishing intrinsic pressure perturbation.
One might note that even if the suppression would be small and not lead to any conceptual changes it could be experimentally detectable through a precise measurement of the consistency relation.
There are several interesting phenomenological consequences of such a scenario that we have not all explored in details here. It makes it easier to find inflationary scenarios in a string theory context where the string scale is M s ≈ 10 −3 m p or higher. A larger amplitude of density perturbations created by the inflaton also imply a larger inflaton variance that can lead to traces of curvature today, left over from inflation. It also enhances the possibility that short distance physics might leave an imprint of the CMB spectrum as it provides a way of bringing the Hubble rate during inflation closer to the string scale. This is in a way turning the so-called trans-planckian problem upside down. Instead of inventing new physics to enhance the signal from the a priori predicted (H i /M s ) 2 level to a H i /M s level, we are bringing H i up to M s using standard field theory.
Since the observed perturbations is not generated by the second subdominant field, its spectrum is allowed to be very non-gaussian. This could imply an observable fraction of non-gaussianities in the final CMB spectrum in some limits where its perturbations are not completely vanishing.
Finally, we might expect a large isocurvature component in the CMB spectrum in some limits. In particular if cold dark matter (CDM) is not created after the decay of the axion it will lead to large CDM isocurvature fluctuations.
To summarize, we found that the existence of a new scalar field can suppress adiabatic scalar CMB fluctuation on superhorizon scales during a post inflationary epoch. This opens the possibility that the scalar perturbations created during inflation in some scenarios can be much larger than previously thought.
